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ABSTRACT 

H-Coal is a catalytic process involving the 
direct hydrogenation of coal to produce hydro- 
carbon liquids. Its development was r tarred in 
1963 by Hydrocarbon Research, Inc., a subsidiary 
of Dynalectron. The process has operated at the 
beach scale level on a wide variety of coals 
including eastern U.S. , western subbitumincus 
and lignites from Texas and North Dakt ta as well 
as foreign coals. A three-ton per day process 
development unit has also been operated exten- 
sively. confirming bench scale resulr. and adding 
substantially to the technical data base. The 
process aifords wide flexibility of operation from 
"fuel oil*' to '‘syncrude** modes. 

A pilot plant now under construction at 
Catlettsburg, Kentucky is scheduled for comple- 
tion March 31, 1979. It will he the largest coal 
liquefaction plant on-line iu ?ne J , processing 
up to 600 tpd of coal* Concur re*'* with the pilot 
plant, other development activities are being 
undertaken to provide timely initiation of a 
commercial project. Assuming successful 
operation of the pilot plant in 1979. engineering on 
a 50,000 BPD plant is scheduled to start in early 
1980, construction in mid- 1931 and operations 
beginning in late 1984. 

I. INTRODUCTION 

Recently Ashland has been studying commer- 
cialization ol le H-Coal process and has had 
several meetings with Department of Energy 
personnel concerning such development. The 
discussion today will address both the status of the 
H-Coal pilot plant now under construction and the 
status of a proposal for commercialization of the 
process. 

The pilot *ant will h~ discussed later but just 
ihe scope of a. roject required for commerciali- 
zation is large by any measure. An installation 
designed to produce 50,000 barrels per stream 
day of liquid products would require 18, 500 tons 
per day of bituminous coal or 6, 100,000 tons per 
year. Therefore, the facility would be the largest 
single point consumer of bituminous coal in the 
world, equivalent in fuel to a 2, 300 MW power 
plant. It would require 3 relatively large under- 
ground coal mines to supply feed to one plant* 

Obviously, much careful planning would be 
required to bring such an undertaking to fruition. 
Our most optimistic projections for a commercial 
plant would be on start-up in mid- 1984 (as 
discussed later). 


U. BACKGROUND 

The H-Coal process developed by 
Hydrocarbon Research, Incorporated dates back 
to 1963* The process is a spin-off of the H-Oil 
technology which is a commercial system used 
for hydrogenation of residual oil* 

H-Coal is a direct, catalytic hydrogenation of 
coal in an ebullating bed (boiling). The reactor 
operates at about 3000 psig and 850°F which are 
relatively severe conditions. 

The basic experimental work on the pr. cess 
has been and is still being done on a bench scale 
unit and a pilot demonstration unit (PDU) at 
Trenton, N.T operated by HR I. The data base is 
large including 60, 000 hours on the bench unit and 
8,000 hours on the PDU. The process has been 
tested on a wide variety of coals from high 
volatile bituminous to lignites for domestic coals 
and on two foreign coals. This indicates the 
versatility of the processing, that is modifications 
can be made to accommodate markedly different 
feed coals. 

In 1976 Ashland Synthetic Fuels, Inc., a 
wholly-owned subsidiary of Ashlann Oil, Inc. , 
was awarded the prime contract for construction 
and operation of an H-Coal pilot plant. Under 
terras of the contract, Hydrocarbon Resea* ch. 
Incorporated will supply technical advice ua d 
support throughout the program. 

The plant, now under construction, is located 
across Interstate Highway 64 from Ashland's 
Catlet+sburg, Kentucky refineries. The refinery 
will furnish ,vdrogen and other utility type 
commodities to the pilot plant which effectively 
reduces the total capital investment for the 
installation* The plant is near 40 percent 
mechanical completion and is a joint government- 
industry effort. The major portion of the funding 
for the project is from the Dep^. _ment of Energy. 
Industrial participants are as follows: 

• Ashland Oil, inc. 

• Conoco Coal Development Company 

• Mobil Oil Corporation 

• Standard Oil (Indima) 

Additional funding is furnished by the 
Commonwealth of Kentucky and the Electric 
Power Re jarch Institute, the research o* 
the electric power generating i*»d -atry. 

The pilot plar f sized to process from 200 
to 600 tons per d-., jal, depending on the 
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reactor space vei city. That is. the ‘mode'' of 
operation detetmin~s the capact y of pla-t as 
drsiguM. Oper.*t ag i.i oiI“ mode high space 

velocity. miid hyx^ro^ -**ati«iR. f-.cl oil oroduct. the 
capacity o f the platt a iii i J? per day. 

Operating Li 'syncrude'’ mode 1*" * space velocity 
deep hydrop*. nation, syncrude product, the capacity 
of the plant will be 200 tons per day. 

1 1 »« mlol |t|. nt is si hoi :Ied for mechanical 
t •••ii|»l«*ti«*ia Mar* .. 'I. i‘^7* 1 . Although it is a pilot 
plant, it will 1 m* the largest ool liquefaction plant 
ever built i?. this country. Since the pilot plant 
will be on-line cfxt year, it should furnish suffi- 
cient data k» allow early ensign and engineering of 
a commercial sc tie H-Coal ,'Unt 


Each reactor is equipped with two direct - 
fired feed heaters, oik of which heats the fee:* 
slurry and SO perce.it c the makeup and recycle 
Hydrr en and the second is used to ; icst the 
rcina.nxn* hydrogen. From the slurry feed tanks 
the slurry is pumped to r? 4 <*tion pressure (about 
3000 psi^l and then is mixed with recy. ie h y ^ yogei 
r.nd heated "o reaction temperature (abort 850°F1 
before t*nti ring the reactor. The other hydro-en 
(not mixed v«;th »hr slurry I i also hrihti to 8S0°F 
prior to intnducti^ to the* reactor. The di*U 
hea*er arrangement offers excellent temperature 
conttd of the feed streams. The mixing of 
recycle hydrogen and sl^rty before heating is 
advantageous be* a ise the hydregen lowers the 
slurry viscosity ? nd improves beat tn^fer. 


liL P*?M~ES3 DESCP PI ION 

A process description of a >0.000 b»*rd p-r 
•*ay c^Mmerviil plant is outlined in vL-* folicv^cg 
paragraph* -no graphically presented in tijnr*. i. 


The charge in th.** reactor : s maintained in an 
ebuilated state (boiling uf an internal 

liquid recyck . This assuror adequat catalyst 
contact and facilitates catalyst addition and with- 
drawal dur : -£ o->e ration. 



A, COAX. IXANDLI -O AN!> PREPARATION 

The run -oi -mine coal is received at he plan! 
and crusher to minus 3 '4 inches in a hammer mill. 
Fror the mill the coal is fed through a transfer 
house m *he coal storage pile, the steam plant, or 
crushed w- *al storage b .is. 

( **al tr**m the !»*ns i > transported t > a fluid 
b*-J dryir.t systet.' wlu n* the n-ossturc content is 
reduced to ..H .’ii 2 percen* by weight. The drier. 
c-*a» is then !**rl I** a closed |oo;» crushing system 
where t!.<* siz* is i .u»»ce*i to minus 14 mesh. The 
c -al is then pneumaticaUy « - *»-y»-d to the slurry 

prepara* tor. f. ed bit.. 

i . UV1M*0»;ENA I KIN t'l AN I 


ihi >at *s then i:n.* d with recycle oil i- the 
slurry mix tank. The recycle oil madv* up of 
dr vl-me >.vrr.hw v f racti<*n«*or bottoms. and 
*e:n * triddk* di^iNia' * from the fraeti - • *. r. The 
«r ; xed toal-dl blurry i> then pumped . 


r*-.. t :* 


t.«nV . 




•Tm pr r iurts from the reactor are taken 
overhead aau ^ ccp^jrator where 

ihc .tight products are flashed off and the oil* 
unconverted carbon, and ash flow through a 
pres>u.r * id«»vr valve t«* a high pressure flash 
d utii itm raarr at I2*H* 1 he light ga*e* and 

iU over h-v«t are heat exchanged with the make- 
up and recycle * ydm :»*r and cooled and flashed in 
a series of drum **ch operating at lower 
orvsr -res and tempt i itu re > than the preceding 
-vie to roomer unreacted hydroeen for recycle 
bat/ to the reaenr. Tne ga<os and light ^ils 
recovered during the flashing are sent to 
cleanup and fractionation respectively. 

Tht heavy oil. unc ^r. *erted car! n, and ash 
stream from the bottom o : vhe primary >eparat^r 
is also flashed in a series u drums to separate 
o;l and ga-»es from the heavy residue. The ease* 
and nil rec veered ore again sent t . gas cloanu*. 
and fractionation respectively. The heavy 
fraction containing aimnst * he unconverted 

carbon and ash flows t > I; yd : ' -.c* : ■ r a partial 

concentration *f th«* _ ►lies :.,n tr.*' :•*»! * flow- 
stream. The hydreclone overflow reevd *d t*. 
-•Turr/ preparation a^.d the undertlow flows to the 
atmospheric and v.^cu- i tower.- .periling :t 
series which concentrate the solids. *he - . i i *- 
recovered from the towers are >• r.t t tract: ra- 
tion ind the Mtun.s iron; the vacuum t **« r are 
used for feed t > the partial oyuja'.or. ca*-:' r* :r. 
the hydr *g*-n plant. 


The ! actiona :-»r ****:».* rat < - the ;! ;r.t •?- 
various fraction**. eis**>. naphtha. Iigr.t and 

hott »m>. The gases flow to the ga> dr^v;:: 
syst *m. the .jhtha is %t*bi;izeti and »* -r.t t 

p the ii„* t I represent' -t . * :« ! - : 

nr *c ct .«nn *h«* b :r rr. the :r.u t: *• r„ 

al *i- ii with "on.e the light .»r» r* . . .•*»: t 

* r ry pr» *M rati - n. 
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Tne §l cgoin| description .s on the* 

'Syncrude mode of operation. Hnrever, it should 
be noted dut the H-Coal process does afford 
flexibility as to product distribution and may 
indeed be operated in a * feel oil'* mode. It follows 
*?vt same of the processing described above would 
require modification for the "fuel oil*' mode of 
operation. 

C. NAHHTHA REFORMING 

processing proposed by Ashland for a 
co m me rcial piiut includes refoi of the highly 

naphthenic naphtha to form an iron au.' Caroline 
blending reformate. The hydrogen proo^ceu l . 
deh ydrogenation of the naphthenes wul be recycled 
to the H-Coal reactor; this effectively reduce s the 
size of fhe hydrogen plae» as well as r ncr eares the 
value «•! tin* pnduct. 

At this time, we have assumed that the 
phenols can be ted tr* the reformer guard case If 
this proves to be unacceptable, the phenols could 
be removed prior to reforming. The research 
octane number of tn* reformate is estimated to t»c 

ict. 

The gua-d cases wilt use a i* : ~kel-moly 
catalyst to reduce both the sulfur and nitrogen 
concentrations to acceptable levels for the 
platinum- lye reformer catalyst, ihe reforming 
w.'mld be relatively tiuld because of the highly 
mphtm v nic feedstock which would n«*t ivtjuirc 
isomerization or hydr«ac racking to a 

desirable gas«»trne blending stork. 

D. GAS CL^ANI P AND COMIlibSSlOX 

Th** reiinery-typ*. gases reflected from the 
bydr> ; c ution sy tem are mixed and compr<*;<<d 
to ZIS niij and flow to a light oil wash where alt of 
he naiuilha and much of th« butan«- --ntra i«t«*d in the 
gas stmms re recovered. The ga>e* from the 
light oil absorber arc compressed to oOO psig and 
flow to ** e hot potassium carbonai- i Bent ie Id) 
icid-ga> crubbing >y>lcm ior removal of H»S and 
CC2. Trace quantities of COz and If >0 are 
removed by molecular sieves prior to the cryo- 
genic cold box. The cryogenic system produces a 
hydrogen •••cycle str m pentyl. a tuet 

stream, and a mixture of propane and Dutanc. 

The propane and butane are separated into the final 
product* in a debutanizer. 

The naphtha from light oil stripping is sent t« 
naphtha reforming and the butane is taken as 
^a^oline blending stock. TUe acid ga* from the 
Oenfield regenerators flows to a Claus unit. The 
cryogenic fuel gas stream is compressed for 
pipeline transmission, the propane is sent to the 
I.Ui pr* vim t. and the fr*drogen b % and 

recycled to the hydrogenation plant. 


E. THE HYDROGEN Pi ANT 

The gasificaftioo system presestlv contem- 
plated will be based oo the T« xaco partial 
oxidation system. Vacuum tower bottoms or 
other more cooc.*nt rated res id from the H-C«*ul 
prj^ess will be used for feed and supplemented as 
necessary with coal to meet the hydrogen require- 
ment. The heavy liquid bottoms and coal have 
each been tested successfully by Texaco in pilot 
plant operations. This type unit is being 
considered for both high Btu gas plants and 
methanol plants now under investigation so design 
data is likely to be available in time for ft -Coal 
developm ent . 

Every effort will be made to mathnii c the 
solids content of the H-Coal res id prior to gasifi- 
cation. Any ndurtitm in oil cnatmt will he 
replaced Sr coal at a significant econo m ic 
advantage. £~veral ongoing projects are f oc u si ng 
on solids -liquid reparation and show Id p rovide 
trf hnical and ecosounc data within a time frame 
compatible wtih He proposed H-Coal schedule. 

The hydrogen pUM, after synthesis gas 
generation . is a conventional processing s y s tem 
ur hydrogen production. That is. two stages 
ea«*h of shifting anti acid-gas scrubbing to get 95% 
p!u» parity product. 

The gasification system, including the 
supporting oxygen plant and the substantial steam 
requirement. i» aa« * . ^il of un- t«*tal 

plant, both fn»n; an operating and capital cost 
c onsideration. 

There are no gasifier •* in today in 

the world 'f the size proposed here but much 
development vn/ on such units has been done and 
it appear* fea>tbl« t build >uch a uni!. 

e. sri uqrtinc; reams ami ianeac.k 

All of the irocessin^ require Tor hfdr >^*-. 
»*-l:*de recovery and sulfur maruli^tui 
ammonia recovery and tankage are of conventional 
design and afford no unique problems as applied 
to M-C‘oa* ..r ecssinf. 

IV. IN -HORSE COMMERCIAL El .AX 1 STHY 

Th»* foregoing pro* e*> description wa» .*a>v<t 
on an in-house AsHanr study for commercializa- 
tion of the H-Coa! pro* e<- operating in the 
syncrude ■ m«de to produce about 000 barrels 
per day os liquid ur »di.cts. 

! he processing a> visualized periotic cs 
>alabh nr dact'i and a*h. The system produces 
no heavy o;l i boiling abov* b« « it i> 

recycled t«* ‘irctior or tt»nir» off the bottom ot 



the vacuum tourers mixed with the ash and 
unconverted carbon. The vacuum tourer bottoms 
are fed to the partial cnidatiaa unit for synthesis 
gas production and subsequent hydrogen manufac- 
ture. The result is a plant that produces commer- 
cial products and ash, an important feature of the 
processing worked out at Ashland. 

The commercial plant is sized to process 
18. *41 tons per day of "as received*’ coal to 
produce 4*%74I barrels per day of hydrocarbon 
liquids w*>. s!MM standard cubic feet per day ' 
high IUu Mm. * long ;»* r day of su|C**r # 

.•ltd I iJt.N !■•»»> |irr day jnltplr*«*iN jiiuik um. 

I lie kmI r*-«|«iir»'it»i*iiC jwl product : |at« i*»* hIh<vi. 
in the following slide* 

Table I. Product slate - commercial plant 

Coal Required "As Received** 18. 541 tpd 

Products 
Reformate 

Distillate *4 <Xi-bOO°H 
Butane 

Propane. LPG 
Total 

By Products 
Sulfur io7.^ 1.1 'D 

Ammonia 1 I8.f» ST'D 

High Utii J!'». * \1M>« :«1 

\ . bt % *\t *Mu rv a i i mh *\ 

An »‘t ««m.inic study *1 the cottime r* ial nlant. 
a< described previously. has been completed 
by Ashland. 

*The state of the art * •>: coal Tumefaction 
dictates that an economic evaluation at this time 
be of a preliminary nature. Tnit ;s. our evalua- 
tion *=» iM»«d r. a '’factored' -yp«* estimate. This 
tym- «’>timatr r* -quires materials and «*ni q*y 
balance > -*n the flow sheets, prelin. inary engi- 
neering. sizing and costing of maj #r equipment 
items but piping, structures, instruments, etc. 
are taV e« as a percentage «*f the bare equipment 
c«».*ts and thu> arriving al a total installed capital 
cost. 

tVr iirmvarv -•! Ashland Ki<» Invn the 

•%*•«•• nidi nede -|h r »li >n and ••**r •-« 

I* r* t »••»!-« ! ,iv In*i*»i made on .i pl.mf «•{•«* rating »« 
thi^ nto-fe M..y. 

Ol»ciou<slv. < mil prove* ti *n> require the 

preti.tr.it ton . i >* ! **dule> and i igure Z i> a phased 
schedule for commercial d«’V«*|t»Dm»*t»> t h »* 

»al process. The preliminary and cost 

estimate is being initiated now and s. .»id !*e 
completed hy the- end of March l*‘7**. Also, 
con u rrently, preliminary site selection work is 
under way with particular emphasis on Uh*»»ns 
basin reserve - .« possible irrrl f«*r the first 


H-Coal commercial plant. Ashland is actively 
seeking out partners to form a consortium for 
industrial support of the commercial project. 
Initial environmental work is Ik tng done in that 
the scope and nature of work reqvired is being 
planned and defined leading to an et*vi rontnentai 
assessment which is required for an impact 
statement. Also during Phase 1* pern;*t require- 
ments wit! be determined and defined so *b»» ss 
action plan for acquisition of same can be insti- 
gated. 



II rts r. January P*Hfl w 3-en commit- 
HirtiV « > made I.* r «f.inl mtinn r:nv- l*la«t 
engineering .it* 1ml.*-. »I«*».mI«**I i*I-i of •■niiipi*. ring. 

|ir« fu .*1 equipment -p* * i:a* atn*n'. irnor.i- 

Ci«*r of a construction bid package. and selection 
of an erection contractor. Knvi runnu*nt.i i studies 
wi J be continued through the first hair of th* 
engineering phase culminating in the aopro\^l of 
the environmental impact statement in mid-l Ui *I. 
Then Pleases II and III would overlap as engi- 
neering would extend into the construction ohase. 

I*hase in construction w-.uld *»tart m:d- 
!**Hl and exten . nud*I'«H4 o year- *. I h x - i - 

an ambitious schedule for such a large romn!ex 
plant and will require meticulous rdanmng to 
maintain. 

A concise statement o* v- *r* will be prepared 
disco- ing in detail the w. to he aci mnli-f.ed 
! V the « '«»n**trncti'*n * *ur.»« t >r. A « < •tvol.-t* 

• •tk>li*m (i >i *»* * e«! ti« ill !*•• ■»»•*"* * r. . :n« !■*#} ■ r*.g 

a C'ritnal Path \!«*#h-l - .»-** .i**** *«• or ur« * 

nu nt and »ogt>tu ■* i.in }*« .tiin.wt< I\ d tnd 

coordinate#!. 

I lu schedule w ill iru I»;#V .til • u- tivitao 

from site preparation t«* me.hanic.il c «mti!etior 
including milestone which are mm rt.int 
construction goals and *\hi 1; will allow eva!.:a*ion 
of trie xir«*i«*ct ai *r -tan*. *"* attainment. 

Phas** IV will !>«• t:.« -t.» rt *u:> and -icrat: n i 

" " REPRWUCmnJTY OF THr? 

( »U!#»T V A ’ 


IS. 182 BHD 
27. 7 <*2 BHD 
3.276 BHD 
3,4m BHD 
4°. 741 BHD 
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The economic projections <h»wn ta* Table 2 
assumes 75 percent debt* 25 percent equity capital* 
with the discounted cash floor rate retain uu 
equity only* The interest on debt is taken at 8.75 
percent or I percent above the prime interest rate* 

The operating costs are determined using $20 
per ton for coal and normal cnaHni procedure* to 
arrive at a total estimated annual operating cost* 

The by product credits takea ~ere sulfur at 
$25 per ton* high Btu gas at $2 per million Btu*s* 
awLatranonia at $1 10 per too* 

The projections were made using constant 
1977 dollars and projected current dollars for 
capital determination* 


Table 4* Projected Inflation rates 


*•» 

enhoamc* 

(Protect Valnsl 

Caul 

Price 


Cn n n r > “ 

1917-1919 

4*41% 

4.4% 

4.4% 

6*9% 

1999-1984 

7*9 

5*9 

5.9 

5.0 

£995-1989 

18.8 

4*9 

4.9 


1999*1994 

7*9 

4*9 

4.0 


198-am 

2.9 

xo 

1*0 



It is obvious fnvii the above that Ashland 
contends that oil prices will begin to escalate 
nort rapidly than either coal prices of general 
inflation in 1980 and continue at a more rapid 
inflation rale through I9S4* Thereto***** applying 
the above inflation rates to o cua* based syufuels 
plant improves the economics over a constant 
dollar case as was indicated in th.* tables* 


The DCF ROI was hased on the value of 
produ ct s listed previ o usly corrected for entitle- 
meats which gave an average value of the liquid 
products at $16*50 per barrel* If the values were 
not corrected for entitlements the product values 
would be $14*02 per barrel* 

The DCF ROI was then tabulated three ways: 
first using constant dollars* - -cosily inflated to 
start-up only* and thirdly using i_~ v : «iflaUun* 

Table 3 shows the identical sets of numbers on 
a 100 percect equity capital base* Obviously* high 
debt has a profound effect on DCF ROI.. 

Table 2* Commercial plant 


Capital 

Total 

Debt 

Equity 


Economic Projection* 

Investment !?TT Dollars Current Dollars 
582.7 

453*6 TOO. 2 

i;3.2 265. 2 


Vl* GOVERNMENT SUPPORT 

t hen one considers the co aslant dollar 
economics which are marginal* the proj ect ed 
capital iateostv» in*sj« «»f the proposed pro j ect one 
must conclude that development by the industrial 
community without economic incentives fr nr the 
government are unlikely* In fact, action Vi* 1 be 
ream red in both th% ecanotmc sector and the 
environmental ar« a if an accelerated schedule is 
to be maintained. 

The economic incenti . es which have been 
suggested include guaranteed non -recourse 
government loans with various industrial buy* 
back provisions* accelerated ir*-estment tax 
credits* tax credit all' srance for each barrel of 
preduct* government grants for the initial 
development* and combinations of the above. It 
will t*? necessary in any event to require suffi- 
cient funding from the industrial consortium to 
indicate the:*” commitment to the success of tr.e 
^••oject. 


Equity DCF ROI 

Constant Dollars 14* 8% 

Inflated to Start-uo 17* 

Full Inflation 31* &*+ 

Table 3. Commercial plant 

Economic Projections 

Capit a l Investment |Q77 Q_?llc r s Current Dollars 
Total 582. 6 896. 0 


To meet th schedule ouI*in*-d pre\-i«»usly* 
unreasonable delays must be eliminated from the 
environmental pr-yram which is on che critical 
path. Cbviously* one can not commit to construe 
tion without reasonable assurance that the 
envit momenta! impact sf tesnent is acceptable* 
Since an environmental assessmen* • required 
for the preparation of an FIS* any unusual delays 
would extend the schedule because of tune 
requirement* for baseline data and other time 
constraints *nnea;nt in the assessment u *r}> * 


Project IK:F ROI 

Constant Dollar?; 9. I* 1 *- 

Inflated to Start-up 10.5"'. 

t ull Inflation 1 9. 8"* 

The :;ex» fable shows the inflation rates used 
in the preceding economic analysis. Making such 
prognoslit afionn has been a precarious occupation 
in recent history but extended forecasting requires 
some predictions of inflation rates. 


VII. SI* M MAH Y AND CONCI FSloNS 

1 . W *reve at Ashland that etial liquefac- 
tion development in ’he i*mted States n* inevitable* 

2. The 11-Coal program is underway now and 
should be accelerated. 

1. We are now preparing a forma! pro at 
to th*» Department «»f Energy for M-Coal ^ v -inn* 
ment. 


266 



